The initiator tRNA, methionyl-tRNAM't, of yeast and wheat germ forms relatively unstable ternary complexes with their corresponding elongation factors T and GTP. Such complexes can be demonstrated only with fast separation techniques such as Sephadex G-50 and Millipore filtration, but not with the slow Sephadex G-100 method, although both techniques yield stable ternary complexes with all other aminoacyl-tRNAs, including the internal Met-tRNAmet. To bind yeast-initiating Met-tRNA"et to ribosomes, initiation factors present in a ribosomal wash fraction from yeast are needed.
N-formylmethionyl-tRNAmfet is recognized as the initiator tRNA in bacterial protein synthesis; both the internal tRNAmet and the initiating tRNAmet connect to the same codon, AUG. However, Met-tRNAfmet is denied access to internal positions of a mRNA because it is rejected by the aminoacyl-tRNA binding factor T, which forms a ternary complex with GTP and all other aminoacyl-tRNAs and carries it to messenger RNA (1).
It was recently (2-7) found in eukaryotic cells that there are two cytoplasmic Met-tRNAs that also bind to the same codon, AUG; one of these is the initiator, Met-tRNA met, although it is not formylated. The eukaryotic cytoplasm does not contain a transformylase; however, interestingly enough, in both liver and yeast the initiating Met-tRNAmet is specifically formylated by Escherichia coli transformylase (8) (9) (10) . This is not true for wheat germ Met-tRNAm!et (7, 11) .
One would expect that the eukaryote elongation factors corresponding to bacterial T factor would also reject the eukaryote initiating Met-tRNAmet. When this hypothesis was tested, seemingly contradictory results were obtained for yeast (12) and wheat germ preparations (11, 13) ; however, different methodologies were used. Richter and Lipmann (12) used initiating yeast Met-tRNAm"et, yeast factor T, and GTP with the Sephadex G-50 filtration technique, which does Abbreviations: tRNAMet is the general term for all tRNAs chargeable with methionine; individually they are distinguished by subscripts: tRNAmet is chargeable by a prokaryote enzyme with formate yielding formyl; Met-tRNAMet is initiator in prokaryote systems; Met-tRNAMet is initiator in eukaryote systems without being formylated, although it frequently accepts formate from a prokaryote enzyme. Met-tRNAMet is not formylatable either in prokaryote or eukaryote systems; it exclusively places methionine internally into growing peptide chains. DTT, dithiothreitol. * To whom requests for reprints may be addressed.
1805 not separate T factor from tRNA, and found that a ternary complex with both Met-tRNAs was excluded. Independently, however, Tarrag6 et al. (11) and Ghosh et al. (13) , who used the Sephadex G-100 filtration method with wheat germ MettRNAiet, found no such complex with wheat germ factor T. If the two filtration techniques (G-50 and G-100) are compared, it is obvious that the complex is eluted faster by the former method, which is completed in almost 10 min, while the latter method is much slower and is not completed until 4 or 5 hr later (11); it also separates T factor and uncomplexed tRNA, which the G-50 method does not.
It seemed most desirable to decide whether the difference between the wheat germ preparation and yeast tRNAf et was intrinsic or whether it was due to the use of different methodologies. In order to resolve the question, our two groups decided to carry out cross tests using Sephadex G-50 filtration with wheat and G-100 with yeast preparations. We report here on these experiments, which showed that a ternary complex with yeast or wheat could be demonstrated with both yeast and wheat Met-tRNAmet using the Sephadex G-50 method, whereas analogous experiments with Sephadex G-100 gave negative results. Since with all other aminoacyltRNAs, including the internal Met-tRNA, both Sephadex G-50 and G-100 filtrations yield ternary complexes, the data indicate the instability of the ternary complex with initiating Met-tRNA .
METHODS
Isolation of the aminoacyl-tRNA binding factor T from yeast and from wheat germ Binding factor T from yeast cytoplasm was isolated as described (14) ; this enzyme preparation was free of mitochondrial T factor. The T elongation factor from wheat germ was prepared and partially purified as was described (15) . After passage through the DEAE-cellulose column, the T factor (assayed by the GTP-binding method) was free of the complementary G factor, contaminating tRNA, and of the initiation factors described by Marcus et al. (16) .
Preparation of yeast ribosomes and ribosomal wash
Crude yeast ribosomes were prepared as described (17) . The The two major species of Met-tRNAs from wheat embryos were fractionated on a benzoylated DEAE-cellulose column (11) . Neither species accepted formyl groups in the presence of the E. coli transformylase and N5''0-methenyl tetrahydrofolate which indicates the absence of contamination with the chloroplast Met-tRNAm'et found by Keller and her associates (7, 19) . The yeast Met-tRNA species were separated as described (12) .
Isolation of the ternary complex on Sephadex G-50 and G-100 columns
The ternary complex of aminoacyl-tRNA binding factor-GTP-aminoacyl-tRNA can be isolated on either Sephadex G-50 or G-100 columns. The ternary complex can be detected by the fact that complexed radioactive aminoacyl-tRNA elutes far ahead of the free aminoacyl-tRNA in the G-100 columns (11) .
With the G-50 method, the formation of the ternary complex was measured by counting the amount of radioactive GTP excluded together with the enzyme and aminoacyltRNA fractions (12) .
Assay of the ternary complex by retention on a nitrocellulose membrane
The GTP-T factor complex is quantitatively retained on nitrocellulose membranes, but the ternary complex passes through these filters (15) . This property of the ternary com- 3470 Ci/mol) was added where indicated and the incubation was continued for 5 more minutes at O0C. The reaction was stopped by the addition of 5 ml of cold buffer (containing the same concentrations of Tris HCl, MgCl2, and NH4Cl as above) and the mixture was passed immediately through a cool, wet nitrocellulose filter. The filter was washed three times with 5 ml of the same cold buffer, dried, and the 14C was counted in a scintillation counter. The points (@and X) constitute averages of duplicates of two separate experiments. plex has been used as an assay for the interaction of aminoacyltRNA with the aminoacyl-tRNA binding factor T from wheat and GTP. The conditions used were as described (15), except that the partially purified enzyme was used and the metal filter holder was cooled to 0C by passing ice water through a jacket. This modification improved the reproducibility of the results.
MATERIALS
[I4C]GTP, [ Wheat embryos were prepared from a genetically pure strain of Triticum durum donated by INDAP, Chile. Poly AUG and AUG were obtained from Miles Laboratories, Inc., or from P-L Biochemicals, Inc.
RESULTS
The stability of the ternary complex of yeast T-GTP-MettRNA met was investigated by refiltration of the complex through Sephadex G-100 columns using the method of Tarrag6 et al. (11) . On filtration of the ternary complex obtained by the Sephadex G-50 method (12) through Sephadex G-100 columns, only negligible amounts of [14C]Met-tRNA met were excluded (Fig. 1A) . Similar results were obtained if the reaction mixture was passed directly through Sephadex G-100 columns (Fig. 1B) , demonstrating that the ternary complex formed by yeast T factor, yeast Met-tRNA met, and GTP is indeed very labile compared to that from Met-tRNAm't or other aminoacyl-tRNAs (12) .
On the other hand, when Sephadex G-50 was used for the isolation of the ternary complex, its formation from binding factor T from wheat, wheat Met-tRNAMet, and GTP could be demonstrated. did cause an increase in the amount of GTP bound to the enzyme. However, the increment was small as compared to the amount bound in the absence of aminoacyl-tRNA (Table  1 ). In view of the considerable GTP binding with the wheat preparation in the absence of aminoacyl-tRNA, as shown by the high blank, additional experiments with the more selective method of filtration on nitrocellulose filters were performed. This method also has the added advantage of being very rapid. Fig. 2 shows the effect of the presence of both wheat ['H]-Met-tRNA species on the loss of ['4C]GTP + wheat T factor from nitrocellulose filters. Both species interact to form the filtrable ternary complex, completely eliminating the GTP retained on the filter as the binary complex between GTP and T. With wheat Met-tRNAMet, the amount of aminoacyltRNA required to titrate the binary complex initially present is stoichiometric. However, wheat Met-tRNAmet appears to have a lower affinity for binding to wheat T-GTP, since relatively more of it is required to remove the [14C]GTP retained on the filters.
It was desirable to rule out the possibility that some of the interaction with the wheat T-GTP complex observed with wheat Met-tRNA met was due to contamination with Met- volumes of ethanol and recovered. The interaction of this fraction with wheat factor T and GTP was measured by the nitrocellulose retention method. The results obtained (Table 2) show that the fraction that failed to give a stable ternary complex on Sephadex G-100 nonetheless has a similar reactivity to the untreated Met-tRNAmIet. Table 2 also shows a control experiment in which Met-tRNA met was deacylated by mild alkaline treatment followed by neutralization. As expected (15) , this treatment almost completely eliminated the capacity of the tRNAmet to form the ternary complex. The method used is described in Fig. 2 . In Expt. 1, the capacity of Met-tRNAmet purified by Sephadex G-100 filtration (as de- tailed in Fig. 3 ) was compared with the same preparation before treatment. In Expt. 2, the untreated Met-tRNAlet is compared with a similar sample that was deacylated by incubation at 37°C for 15 min with NH4OH, pH 10, and neutralized. (Table 3) was stimulated by the ribosomal wash, but not by yeast 
DISCUSSION
The results presented above eliminate an apparent discrepancy observed in the properties of two eukaryotic initiator Met-tRNA met species. It is now clear that the elongation factor T is not able to discriminate absolutely the Met- tRNA et, and does interact with it and GTP to form a ternary complex, although this is relatively unstable. This interaction is abortive, however, since it lacks the stability characteristic of the other aminoacyl-tRNA-T-GTP complexes and fails to transfer the Met-tRNA met to the ribosomes or into internal peptide bond positions. A clearer explanation for the ineptness of this complex must await our understanding of the nature of the reaction between the ternary complex and the ribosomal assembly line.
